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IMPROVED ALUMINA-SUPPORTED 
COPPER CATALYST COMPOSITIONS FOR 
FLUID-BED HYDROCARBON OXYHYDROCHLORINATION 

BACKGROUND OF THE INVENTION 
5 This invention pertains to fluid bed catalytic 

oxyhydrochlorination of hydrocarbons, particularly 
ethylene, to produce chlorinated hydrocarbons, 
particularly 1,2 dichloroethane, commonly called ethylene 
dichloride (EDC) and relates specifically to improved 
10 alumina-supported copper catalysts and their use in such 
oxyhydrochlorination . 

The production of chlorinated hydrocarbons by 
oxyhydrochlorination (sometimes called more simply 
"oxychlorination") of hydrocarbons containing 1 to 4 
15 carbon atoms is well known to the art. A particularly 
advantageous process for oxyhydrochlorination of ethylene 
to produce EDC, practiced in many highly successful 
commercial installations throughout the world, involves 
the reactions in the vapor phase over a fluidized 
20 catalyst bed, of a mixture of ethylene, hydrogen chloride 
(HC1) and oxygen, or an oxygen containing gas (e.g., air), 
in the manner and under the conditions generally des- 
cribed in Harnring; et al U.S. Patent 3,488,398. In 
commercial operation of this process the molar ratio of • 
25 ethylene to oxygen to HC1 is maintained in the range of 
about 1.0 to 1.2 moles ethylene to about 0.55 to 0.9 
moles oxygen for each 2 moles of HC1; the temperature is 
maintained in the range of 200 to 250 °C. and the pressure 
is normally in the range of 10 to 50 psi. 
30 The fluidized catalyst bed heretofore used in 

commercial operation consists of about 2 to 10% by weight 
of a copper compound, preferably copper chloride, as the 
active catalytic ingredient, uniformly deposited on fine 
particles of a fluidizable alumina support. The alumina 
35 support material, which is preferably gamma alumina but 
can also be "Condea" alumina, on the so-called microgel 
alumina or other forms of "activated" alumina, rese mbjli ng 
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fine sand, is of such a nature as to be readily 
fluidizable without excessive catalyst loss from the 
reaction zone, by virtue of having the proper bulk 
density, resistance to attrition and a preselected ratio 

5 of particle sizes and also, in order to provide ample 
reaction sites of copper catalyst, has a surface area, 
after copper is deposited thereon, in the range of 60 to 
160 square meters per gram (m 2 g) . 

However, the supported catalyst functioning in 

10 the fluid bed oxyhydrochlorination of ethylene, as above 
described, could desirably be improved in two significant 
respects . 

First, it would be desirable for the catalyst 
to effect a higher than normal EDC efficiency based on 

15 ethylene (i.e., for the ethylene reactant to be more 

completely converted to EDC with less being converted to. 
carbon oxides - carbon monoxide and carbon dioxide) . 
This is especially desirable when the ethylene oxyhydro- 
chlorination process as described in the Harpring et al 

20 patent (which in its exemplified embodiments used air to 
supply oxygen) is adapted to recycle the gases normally 
vented to the atmosphere, in order to avoid releasing 
hydrocarbons and chlorinated hydrocarbons to the environ- 
ment, with introduction of essentially pure oxygen rather 

25 than air with the recycle stream. This variation of the 
ethylene oxyhydrochlorination process is termed herein, 
for brevity, "oxyvent recycle" and is described in more 
detail in Anoto et al U.S. Patent 4,071,572 and especially 
in Hoechst A.G. Belgian Patent 866,157. 

30 Secondly, the copper-on alumina fluidized 

* 

catalyst exhibits during the oxyhydrochlorination 
reaction a pronounced tendency to develop "stickiness" 
and cause severe disruption of process operations. This 
problem and means for its partial control are described 
35 in the copending application of Joseph Allen Cowfer, 
Dane Edward Jablonski, Ronald Michael Kovacs and 
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Angelo Joseph Magistro S.N. 949,170 filed November 6, 
1978 and a method and composition for alleviating or 
eliminating stickiness in the catalyst through use of 
bare alumina support and deposition of copper on bare 
5 support in situ are described in the copending related 
application of Joseph Alan Cowfer, Jamal Shahab Eden 
and Angelo Joseph Magistro filed concurrently herewith. 

Finally, by way of background, it has been 
proposed in numerous prior art patents to conduct 
10 hydrocarbon oxychlorination reations in a fluid bed in 
which the fluidized catalyst consists of a mixture of 
copper chloride with other metal chlorides especially 
potassium chloride (instead of using copper alone) both 
deposited on a fluidizable support. For example, U.S. 
15 Patent 3,427,359 describes a catalyst composition for 
fluid-bed oxychlorination of hydrocarbons and partially 
chlorinated hydrocarbons, such as methane and methylene 
chloride, consisting of copper chloride, an alkali metal 
chloride and a rare earth metal chloride supported on an 
20 inert carrier material such as alpha alumina having a 
surface area no greater than 10 m 2 g. However,, the 
expedient of depositing one or more other metals with 
copper on the alumina support described above, and 
using such a supported catalyst in the fluid bed 
25 ethylene oxychlorination process described above, does 
n ot materially inprove ethylene efficiency to EDC and, 
moreover, results in significantly increased stickiness 
of particles in the fluid bed. Consequently, this prior 
art does not point to the improvement desired in either 
30 of the two aspects noted hereinabove. 

SUMMARY OF THE INVENTION 
It has now been discovered, unexpectedly, that 
the incorporation of certain specified metals in certain 
proportions into the alumina support material conven- 
35 tionally used in preparation of the hereinabove described 
alumina supported copper catalysts for fluid bed 
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ethylene oxyhydrochlorination to produce EDC, prior to 
and independently of depositing copper catalyst on the 
support, results in a novel improved alumina-supported 
copper catalyst which when used as the fluid bed in the 
5 oxyhydrochlorination of ethylene to EDC enables attain- 
ment of significantly improved efficiency of EDC pro- 
duction based on ethylene and further exhibits improved 
fluidization properties, not developing stickiness in 
use to the extent of a similar catalyst bed in which the 
10 alumina support material has not been modified by having 
a metal as specified incorporated therein. 

The metal so incorporated may be an alkali 
metal, an alkaline earth metal, a rare earth metal or 
a mixture of one or more such metals as will be described. 
15 The incorporation of a mixture of an alkali metal and an 
alkaline earth metal into gamma alumina support, after 
which copper is deposited thereon, produces a supported 
catalyst particularly effective for oxyvent recycle 
oxyhydrochlorination of ethylene. 
20 Incorporation of the specified metal or metals 

into the alumina support is accomplished conveniently 
by inpregnating the support with an aqueous solution of 
a water soluble salt of the metal or metals in question, 
drying the wetted support and then calcining at elevated 
25 temperatures for several hours to produce an intimate 
admixture of the finely divided fluidizable alumina with 
the finely divided metal or metals in question probably 
in the form of complex oxides, and having essentially the 
same physical characteristics as the fluidizable alumina 
30 before metal is incorporated therein. The proportion of 
added metal in the so-modified alumina support is in the 
range of 0.5 to about 3.0% by weight. 

Deposit of copper preferably as copper chloride, 
on the alumina support modified by incorporation of metal 
35 as described, produces the novel fluidizable catalyst 
composition of this invention. Deposit of copper on the 
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modified support is effected in any known manner either 
entirely before the catalyst composition is placed in an 
oxyhydrochlorination reactor to function as the fluid bed 
or at least partly in situ in the manner described in the 
5 aforementioned concurrently-filed application of Cowfer, 
Eden, and Magistro. 

When the novel catalyst composition is used as 
the fluid bed in the process of oxyhydrochlorination of 
ethylene to EDC under normal reaction conditions, con- 
10 version of ethylene are generally above 98%, and 98% or 
more of the ethylene converted yields EDC (i.e., a maximum 
of only about 2% of the ethylene converted leaks to 
carbon oxide formation) so that the EDC efficiency based 
on ethylene {% conversion of ethylene x % yield EDC based 
15 on ethylene) is of the order of 97% or higher. This 
■efficiency compares with an EDC efficiency based on 
ethylene generally in the order of 90%, and at best 
no more than 93 - 94%, when using the conventional 
catalyst composition - copper supported on alumina 
20 without prior incorporation of metal with the alumina. 
Further, the incorporation of metal in the alumina 
support renders the catalyst composition less "stickiness- 
prone" during the course of the oxyhydrochlorination 
reaction. Accordingly, this invention provides, in 
25 addition to a novel and improved catalyst composition, 
an improved fluid-bed hydrocarbon oxyhydrochlorination 
process characterized in that the fluid bed is composed 
of the novel catalyst composition. 

DETAILED DESCRIPTION OF THE INVENTION 
30 The alumina support material used in preparing 

the modified alumina support material on which copper is 
deposited to form the catalyst compositions of this 
invention is readily available to catalyst manuf acturers 
and is not strictly critical so long as it is of such 
35 characteristic as to be readily fluidizable. As 

previously mentioned, various types of finely divided 
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fluidizable aluminas may be used, the material known as 
"gamma alumina" being especially suitable. The alumina 
material used normally has a surface area in the range of 
60 to 200 m g, a bulk density in the range of 0.9 to 1.1 
5 grams per c . c . , a pore volume in the range of 0.2 to 
0.5 c.c. per gram and a particle size distribution such 
that about 75 to 92 weight percent of the particles are 
below 80 microns in diameter , about 40 to 50 percent 
below 45 microns in diameter and about 15 to 30 percent 

10 below 30 microns in diameter with no more than 1 to 5% 
larger than 200 microns or more than 3 to 10% below 20 
microns. Such alumina materials are relatively stable, 
mechanically strong and resistant to attrition so that 
excessive quantities are not lost from the fluid bed 

15 reaction zone when used as catalyst support in fluid bed 
reactions. 

It is recognized that some conventional 
alumina support materials may inherently contain in 
addition to Al 2 0 3 traces of other metal oxides such as 

20 sodium oxide. It is understood that use of such 

supports without modification through incorporation of 
added amounts of the metals herein specified forms no 
part of this invention. 

The modified alumina support material used in 

25 this invention is prepared by first wetting an 

unmodified, conventional alumina support, as above des- 
cribed, with an aqueous solution of a salt of the 
required metal or metals; the so-wetted alumina then 
dried to remove water and then calcined for 5810 hours 

30 at an elevated temperature in the range of 300 to 600°C. * 
during which the added metal salt is converted to metal 
oxide. An amount of metal salt is chosen so that the 
final modified . alumina support contains from 0.5 to 
3.0% by weight of incorporated metal. 

35 The metal salt in the aqueous solution can be 

any desired soluble salt, such as a chloride,. carbonate, 
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of an alkali metal such as potassium, lithium, sodium, 
rubidium or cesium, preferably potassium or lithium, or 
of an alkaline earth metal such as calcium, strontium or 
barium, preferably the latter, or of a rare earth metal 
5 such as lanthanum or cerium or a mixture of rare earth 
metals such as the mixture called didymium which contains 
lanthanum and neodymium together with smaller amounts of 
praesodymium and samarium and even smaller amounts of 
other rare earth metals. Other mixtures of salts of the 
10 same or different metals recited, wether or not of the 
same class, may also be used; a mixture of a salt of an 
alkali metal, particularly potassium, with a salt of an 
alkaline earth metal, particularly barium, is especially 
desirable, 

15 The modified alumina support having 0,5 to 3.0% 

of metal incorporated^ therein, prepared as above des- 
cribed, possesses physical characteristics as described 
for the conventional unmodified alumina support and can 
have copper catalyst, such as cuprous chloride or other 

20 cuprous or cupric salt, deposited thereon by the same 
techniques as used in formation of the known alumina- 
supported copper catalysts. The amount of copper 
deposited will depend on the activity desired and the 
specific fluidization characteristics of the support and 

25 can be as little as 2% by weight or as much as 10 to 12% 
by weight of the modified support material. The final 
catalyst composition containing the copper catalyst on 
the modified support is fluidizable like the support but 
certain specific characteristics, surface area and pore 

30 volume, for example, are, of course, modified by reason 
of the deposit of copper. The preferred catalyst compo- 
sitions of this invention have a surface area in the 
range of 50 to 160 M 2 g, some 15.-20% lower than that of 
the support before deposit of copper. 

35 The specific Examples set forth below further 

illustrate the nature of the catalyst composition of this 
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invention, and especially their use to improve the fluid 
bed process for oxyhydrochlorination of ethylene to 
produce EDC . In each Example the catalyst composition 
is prepared using gamma alumina of the characteristics 
5 specified to prepare the modified support on which CuCl 2 
is deposited and the fluid bed ethylene oxyhydrochlor- 
ination to form EDC is conducted in a bench scale fluid 
bed reactor of 22 mm, internal diameter and 24 inches 
heighth charged with 125 ml. of the fluid bed catalyst 
10 composition as described. The reactor is equipped with 
means for delivering the gaseous reactants - ethylene, 
oxygen (as air) and HC1 - through the fluid bed reactor 
zone, for controlling the quantities of reactants and 
reaction conditions and for ascertaining from the 
15 effluent gases the conversion and yield of ethylene to 
EDC and carbon oxides. 

EXAMPLE I 

This Example illustrates the preparation and 
use in ethylene oxyhydrochlorination to EDC of catalyst 
20 compositions consisting of copper deposited on fluidized 
alumina support modified by incorporation of an alkali 
metal . 

Four catalyst compositions are prepared as 
follows: (A) gamma alumina is impregnated with 1% 

25 aqueous ^ 2 C0 '3 dried in a steam bath and calcined for 

8-10 hours at 400 °C. after which the K-modified alumina 
support is impregnated with 10% cupric chloride, dried 
slowly f calcined 8-10 hours at 275 °C. and sieved to 
80 - 325 mesh; (B) same as (A) except calcined after 

30 addition of K 2 C0 3 and drying at 570°C; (C) same as (A) 
except LiCl used in place of K 2 C0 3 a nd (D) same as (A) 
except CsCl used in place of K> 2 C 0 3 * 

Each catalyst composition is then separately 
charged to the fluid bed reactor where ethylene, oxygen 

35 and HCl in the molar ratios of 1.0 to 0.8 to 2.0 are 
reacted to form EDC under the conditions and with the 
yields and efficiencies as shown in Table I. 
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-li- 
lt is noted from Table I that the EDC 
efficiency based on ethylene with each catalyst compo- 
sition and under each reaction condition, is of the order 
of 97 - 98%, When, however, the same catalyst compo- 
5 sition except for being prepared from the unmodified 
alumina support without first incorporating the alkali- 
metal therein is used in a "control" under the same 
reaction conditions, the maximum EDC efficiency based on 
ethylene is only of the order of 93 - 94%, Further-, the 
10 fluid bed catalyst compositions used do not develop 

"stickiness" in use as occurs in another "control" when 
the alkali metal salt is deposited on the alumina support 
with the cuprous chloride catalyst. 

EXAMPLE II 

15 This Example illustrates catalyst compositions, 

and their use in fluid bed oxyhydrochlorination of ethylene 
to EDC, in which an alkaline earth metal is incorporated 
in the alumina support prior to deposit of CuCl 2 thereon. 
The catalyst composition is made by the procedure of 

20 Example I with the same materials except that 1% Ba(0H) 9 
is used to prepare the modified support and the calcin- 
ation temperature in its preparation is 570 °C. This 
catalyst composition is used in the fluid bed oxyhydro- 
chlorination of ethylene to EDC as described in Example I 

25 with a reaction temperature of 225 °C. and a contact time 
of 10 seconds for a period of 14 - 18,5 hours. The 
ethylene conversions, EDC yield and EDC efficiency based 
on ethylene is shown in the following data: 

30 
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Elapsed % Conversion % EDC 

Time C R — - 

Hours -24 Yield Efficiency 

14 98,9 97.7 96,6 

5 15.5 99.0 98.2 97,2 

17.5 99.0 98.3 97.3 

18.5 99.1 97.5 96.6 

EXAMPLE ril 

This Example illustrates catalyst compositions 
10 prepared using rare earth metals and their use in 

ethylene oxyhydrochlorination. Catalyst compositions 
are prepared as in Example I but using lanthanum 
chloride (LaCl 3 ) and chlorides of rare earth metal 
mixture (RE Cl 3 ) respectively. They are used as in 
15 Example I in fluid bed oxyhydrochlorination of ethylene 
and reaction temperatures of 217°C. and 218°C./ 
respectively; contact times of 11 and 17 seconds, 
respectively and molar ratios of C 2 H 4 to 0 2 to HC1 of 
1.0/. 8/2. 13 and 1.0/. 8/2. 02, respectively, with the 
20 following results: 

% Conversion % EDC 

Metal Salt C 2 H 2 Yield Efficiency 

La Cl 3 99.3 98.3 97.6 

RE Cl 3 99.8 97.2 97.0 

25 EXAMPLE IV 

A catalyst composition is prepared and used 
as in Example I except that a mixture of 1% KC1 and 1% 
BaCl 2 is used to prepare the modified support on which 
CuCl 2 is deposited; the ratio of C 2 H 4 to Q 2 to HCl is 

30 1/1.8/2.1 and the reaction is continued for a total of 
282 hours. The data obtained are shown in Table II. 
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Table II shows, in comparison to Table I, that 
yield of EDC from ethylene converted is above 9 9% even 
when the ratio of HCl in the reactants is increased and 
that efficiency of EDC is at 97 - 98% over a period of 
5 several days. This indicates that the catalyst compo- 
sition of this Example is an excellent fluid bed 
catalyst for ethylene oxyhydrochlorination conducted with 
oxygen recycle since the relative proportion of carbon 
oxides in the vent gas to be recycled is reduced and 

10 excess HCl in the feed does not reduce EDC efficiency 
based on ethylene* 

Although the Examples presented above all 
illustrate the use of the catalyst compositions of this 
invention in the fluid bed oxyhydrochlorination of 

15 ethylene to EDC and the advantages thereby achieved, it 
is to be understood that such catalyst compositions are 
also effective in the fluid bed oxyhydrochlorination of 
other gaseous hydrocarbons containing 1 to 4 carbon 
atoms such as methane, ethane, propylenes, propane, 

20 butylenes, butanes, etc. to produce other chlorinated 
hydrocarbons. They can be used advantageously wherever 
it is desired to have copper catalyst available on a 
fluidizable support. 
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CLAIMS 

1. A catalyst composition comprising a 
copper catalyst deposited on a fluidizable alumina 
support in which is incorporated, prior to deposit of 
the copper catalyst, from 0.5 to 3-0% by weight of at 

5 least one added metal selected from the class consisting 
of alkali-metals, alkaline earth metals and rare earth 
metals. 

2. The composition of Claim 1 wherein the 
fluidizable alumina support is gamma alumina. 

10 3. The composition of Claim 1 wherein the 

metal incorporated in the alumina support is an alkali 
metal . 

4. The composition of Claim 1 wherein the 
metal incorporated in the alumina support is an alkaline 

15 earth metal. 

5. The composition of Claim 1 wherein the 
metal incorporated in the alumina support is a rare 
earth metal. 

6. The composition of Claim 2 wherein the 
20 metal incorporated in the alumina support is potassium. 

7. The composition of Claim 2 wherein potas- 
sium and barium are incorporated in the alumina support. 

8. In the process of oxyhydrochlorinating 
ethylene to produce 1 , 2-dichloroethane by contacting a 

25 vaporous mixture of ethylene, oxygen and hydrogen 

chloride with a fluidized catalyst composition disposed 
in a reaction zone and recovering 1, 2-dichloroethane 
from the effluents of the reaction zone, the improvement 
in which the fluidized catalyst composition consists of 

30 2 to 12% copper chloride supported on a fluidizable 
alumina in which is incorporated, prior to deposit of 
copper thereon, from 0.5 to 3% by weight of at least one 
added metal, said metal being selected from the class 
consisting of alkali metals, alkalene earth metals and 

35 rare earth metals. 
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9, The process of Claim 8 further character- 
ized in that the added metal is potassium. 

10. The process of Claim 8 further character- 
ized in that the fluidizable alumina support has 

5 incorporated therein, as added metals, both potassium and 
barium. 
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